The state of conservation of Atlantic Forest in the Maquiné river basin was assessed using land cover data obtained from Landsat TM 5 satellite imagery (October 1995). The initial analysis examined the distribution of the relative areas of each land-cover type according to landscape slope classes, potential vegetation zones, and a 90 m riparian buffer. Land-cover classes were then regrouped into categories representing "low", "intermediate", and "high" degree of anthropogenic alteration. Results indicate that about 70% of the land cover of the Maquiné river basin has been highly altered as a consequence of replacement of natural forests by agriculture. Presently, a recovery process seems to be underway, contrasting with the historical trend towards deforestation. There are large areas of secondary vegetation in intermediate (34.8%) and advanced successional stages (20.2%), particularly across the range of the montane forest and of forest formations that occur at elevations higher than 800 m (high-montane dense ombrophilous forest and mixed ombrophilous forest). The geographical location at the southern limit of the Atlantic Forest stricto sensu and comparison of the results with data on the state of conservation of the Atlantic Forest in Rio Grande do Sul indicate that the Maquiné river basin is an important area for conservation. Some points regarding future research and conservation management are also discussed.
da Floresta Ombrófila Densa). A localização geográfica no extremo meridional da Mata Atlântica stricto sensu e a comparação com dados sobre o estado de conservação da Mata Atlântica no Rio Grande do Sul indicam que a bacia do rio Maquiné é uma importante área do ponto de vista de conservação. Alguns aspectos referentes à pesquisa científica e ao manejo também são discutidos.
INTRODUCTION
The Atlantic Forest is considered a global conservation hot spot because of its high biodiversity, incidence of endemics, high rate of habitat loss (only 7.5% of its original area still subsists), and anthropogenic pressure (Myers et al., 2000; CIB et al., 2000) . Conservation policies and strategies have been constantly discussed and proposed for the Atlantic Forest and associated ecosystems (Câmara, 1991; Pinto et al., 1996; Marcuzzo et al., 1998; CIB et al., 2000) . Determining areas for protection and in which to create ecological corridors, and providing for plant community regeneration, riparian buffers, and agroforestry systems are among the principal recommendations made so far. Another important point is that conservation units and their surrounding areas should be integrated into bioregional planning (Miller, 1997) .
Assessments of regional and watershed conservation status using remotely sensed data and geographic information systems (GIS) are important in providing information for conservation planning and decision-making (Johnston, 1998; Ehlers, 1996) . In this sense, identification and quantification of land cover types are particularly useful, as well as delimitation of sub-regions or zones within ecological or physical gradients (e.g., vegetation types, altitudinal zonation, and anthropogenic pressure). Regional and watershed assessments can result in maps identifying areas of interest, quantitative estimates of number and size of areas, reference locations for monitoring temporal changes, identification of information gaps (contributing to set research and management priorities), and management and conservation recommendations. Examples of such assessments in the Atlantic Forest domain are Lima et al. (1998) , Pires et al. (1998) , SOS Mata Atlântica et al. (1998) , and Saatchi et al. (2001) .
In Rio Grande do Sul State, three regions have been designated as pilot areas for implementation of an Atlantic Forest Biosphere Reserve (Marcuzzo et al., 1998) . In one of these, the Litoral Norte, the Maquiné river basin is considered particularly important for conservation of water resources ( FEPAM,2000) and fishes (CIB et al., 2000) . In recent years, the Maquiné region has been the object of several scientific research and extension programs (Perotto et al., 2000) . The original regional forest formations were largely replaced by agriculture in the mid-twentieth century, but now large areas are found of secondary vegetation in several different successional stages.
The objective of the present work is to provide an assessment of the conservation status of natural vegetation in the river Maquiné basin. Land cover and physiographic data were used to describe the conservation state in 1995 as a basis for future comparisons. The specific aims were: 1) to estimate the degree of alteration in relation to potential vegetation zones; 2) to describe the spatial pattern of land use/cover with respect to different slopes, vegetation formations, and riparian buffer; and 3) to discuss various topics related to conservation, restoration, and research needs relating to the Maquiné river basin.
Study area
The Maquiné river basin is situated in nor- With an area of 550.5 km 2 , the basin is part of the Tramandaí hydrographic system, which flows to the Atlantic Ocean. The headwaters of the Maquiné River are situated in Planalto Basáltico (a basaltic plateau; elevation ≈ 1,000 m a.s.l.) draining the Atlantic slope of the Serra Geral down to Lake Quadros, in the coastal plain (< 10 m a.s.l.). Regional climate is humid subtropical (Köppen's Cfa; Moreno, 1961) , with mean temperatures above 22 o C in the warmest month, and between 13 and 15 o C in the coldest (July) (Nimer, 1990) . Mean annual temperature is around 18 o C. There is no typical dry season and annual rainfall is high (1400-1800 mm), with elevated frequency of rainy days throughout the year (Hasenack & Ferraro, 1989; Nimer, 1990) .
The region of the Maquiné river basin corresponds to the southern limit of the Atlantic Forest distribution (dense ombrophilous forest). From this area to the south and west, the dense ombrophilous forest is replaced by seasonal semideciduous forest (Teixeira et al., 1986) . The natural vegetation in the Maquiné basin is formed mainly by dense ombrophilous forest, because of its location in a phytogeographic ecotone, elements of seasonal semideciduous forest can also be found (Sevegnani & Baptista, 1996) (Teixeira et al., 1986) .
MATERIAL AND METHODS
First, the pre-European colonization scenario of the basin vegetation cover was obtained. This was done by determining the probable original geographic ranges of the main dense ombrophilous forest formations according to their altimetric limits, as described in Teixeira et al. (1986) . Also, we classified the basin according to different terrain slopes and established a riparian buffer to examine the land-cover pattern in relation to these features.
We then characterized land cover by classifying Landsat TM 5 data (October 9, 1995) into 9 landcover types (see below). The area (in km 2 ) of each land-cover type was calculated and its distribution in relation to potential vegetation zones, landscape slope, and riparian buffer was assessed. In order to evaluate conservation status at the basin scale, we made a reclassification of primary land-cover types into 3 classes according to the anthropogenic alteration degree (low, intermediate, or high) represented in relation to the potential natural vegetation. Further details on methodological procedures are given below.
The landscape slope (%) map was arrived at using a digital elevation model (DEM), provided by the Centro de Ecologia/UFRGS, based on 1:50,000 topographic maps (20 m spaced altimetric lines, Table  1) . Landscape slopes were then grouped into 6 classes (Lani et al., 2000) : 0-3%, 3%-8%, 8%-20%, 20%-45%, 45%-75%, > 75%.
The original vegetation distribution limits were indirectly determined from altimetric zonation described by Teixeira et al. (1986) and Klein (1990) , and also mentioned by Sevegnani (1995) ( Table 2 ). The altitudinal limit for the montane forest was set at 800 m a.s.l. because in the Maquiné region this approximately indicates the transition between the slopes of the Serra Geral and the basaltic plateau. The typical vegetation formations in the basaltic plateau are mixed ombrophilous forest (Araucaria Forest), native steppic grasslands, and the high montane formation of dense ombrophilous forest (which occurs as a narrow strip along the transition zone referred to above). The high montane and mixed ombrophilous forests were grouped into the general category "Forests > 800 m". This category includes any forest formation situated higher than 800 m a.s.l.
The land-cover map for October 9, 1995 was obtained from a Landsat TM 5 image. Interpretation of land-cover types was based on unsupervised classification (module ISOCLUST, software Idrisi; Eastman, 1998) using bands 3, 4, and 5. Interpretation and reclassification started with 26 classes, which were progressively regrouped until only 8 land-cover classes were left (late successional-stage forest, intermediate successional-stage forest, shrubs, grasslands, agriculture, bare soil, water, and shadow). Several field trips were made into the Maquiné region to help in identifying land-cover types. These trips were not made with a formal sampling design for ground truthing but rather to subjectively help in reordering the 26 pixel classes into a smaller number of land-cover types. This was done by taking the geographic coordinates of patches that were difficult to interpret in the Landsat image and locating them in the field with a GPS receiver.
The grassland patches were identified using a 1995 Landsat image and then reclassified in two categories according to occurrence either over or under 800 m altitudes. Grasslands over 800 m were arbitrarily designated as a separate layer denominated "steppic grasslands" (which are native to the Planalto Basáltico). These were then overlaid on the previously obtained altimetric zonation of the forest formations to produce the final potential vegetation map. Grasslands situated at altitudes under 800 m were considered non-natural grasslands of anthropogenic origin (agriculture, deforestation, and cattle ranching).
After reclassification, the final land-cover map for October 10, 1995, included nine land-cover types: late successional-stage forest, intermediate successional-stage forest, shrubs, agriculture, bare soil, water, shadow, grasslands > 800 m, and grasslands < 800 m. The land-cover pattern adjacent to the streams was obtained by extracting a 90 m wide stream buffer strip from the land-cover classification for the whole basin.
Initially, the description of the land-cover pattern at the Maquiné river basin considered all identified land-cover types in relation to: under 800 m, and shrub vegetation). The remaining land-cover types (water, grasslands > 800 m, and shadow) were assembled in the "others" category. It is worth noting that the land-cover type "water" mainly represented sections of the Maquiné River that were wide enough to appear in the Landsat image.
RESULTS
The results for land-cover classification are presented in Table 3 . Approximately 30% of the Maquiné river basin has very steep slopes (slopes > 45%), and about 60% of the area has slopes steeper than 20%. These values illustrate the degree of topographic heterogeneity present in the basin in association with the abrupt altitudinal gradient between the coastal plain and the Serra Geral. The large proportion of steep terrains implies high erosion potential, but this depends on soil characteristics and vegetation cover (Lani et al., 2000) . The less steep terrains are represented by portions of the basaltic plateau, leveled steps on the Serra Geral, slopes, and stream valleys. ) of the Maquiné basin was covered by forest formations, while only about 7% was so by natural grasslands (> 800 m altitude) (percentage areas calculated from Table 3 ). The Lowland Forest represented about 6.5% (35 km 2 ) of the total forested area, 33.1% (182.1 km 2 ) of the basin was covered by Low-Montane Forest, 27.4% (150.9 km 2 ) was covered by Montane Forest, and 26% (143 km 2 ) was forest formation at altitudes exceeding 800 m ( Table  2 ). The 90 m riparian buffer corresponded to 20.4% of the study area.
Interpretation of the Landsat image and posterior analysis (grassland reclassification) allowed identification of nine land-cover types (Table 3) , represented as percentages in Fig. 2a . The land-use category labeled "late successional-stage forest" includes well-developed forest vegetation (primary or secondary), while "intermediate stage forest" includes less developed secondary forest. The "shrub" category includes vegetation in early successional stages (capoeira, capoeirinha) typical of recently abandoned agricultural fields (Teixeira et al., 1986) . The category "shadow" comprised unidentifiable areas due to shadowing by high valley walls. Land-use types (agriculture, shrub, and secondary forest) affected by human activity cover most of the basin (Fig. 2a) . The largest proportion of the total area is covered by secondary forest in several successional stages, particularly early and intermediate, and only about 20% is covered by secondary or primary forest in the late-successional stage. A small proportion (10.4%) of the total area was identified as being used for agriculture. However, a large part of the "shrub" category probably includes sites intermittently used by slashand-burn agriculture. For this reason, the proportion of the Maquiné basin actually used for agriculture may reach 32.4% (or 33.9%, if bare soil and anthropogenic grasslands are included). The nine primary land-cover categories were reclassified into three classes in order to determine more clearly the anthropogenic alteration degree of the original vegetation cover in the basin (Table  4) . These classes indicate the difference between the land cover in 1995 and the one to be expected in the absence of contemporary anthropogenic influence. Only 20.2% of the study area can be regarded as being in a "low alteration condition", while 34.8% and 33.9% represent "intermediate" and "high alteration" states (Fig. 2b) . The grassland areas identified in the basaltic plateau do not necessarily represent the original natural grassland distribution and configuration in the region. This is because we did not distinguish between natural grasslands and those originated by deforestation lower valleys of the Maquiné River and its main tributary streams, where agricultural use is intensive (Gerhardt et al., 2000) . The percentage of highly altered land cover decreases as the terrains get steeper (Fig. 3a) , but the percentage of less altered areas does not increase proportionally. Instead, there is a proportional increase of area occupied by secondary vegetation in intermediate successional stages. This pattern suggests that over the years agriculture activity has concentrated in the more accessible and manageable areas (lowlands and less steep terrains), while those less accessible and manageable were gradually abandoned, favoring the progressive development of secondary vegetation.
or between grasslands and some types of agriculture in the plateau, or between different degradation states of natural grasslands. This is also the reason why grassland areas in the basaltic plateau were assigned to the "others" category and not to one of the three categories expressing degree of anthropogenic alteration. Fig. 3a shows that the largest proportion of highly altered land cover is on flat terrain (about 50% of which presents a high degree of anthropogenic alteration). On the other hand, this terrain presents the smallest proportion of less altered land cover (less than 10% is forest in late successional stage). The highly altered areas occur mainly in the Fig. 3b shows a comparison of the 1995 land cover pattern with the estimated pre-European land cover. If no anthropogenic alteration had occurred, in this figure we would expect 100% of each column (vegetation zone) to be occupied by land cover classified as "low alteration". The lowland forest is the most degraded formation, with only 3% (1.1 km 2 ) of the estimated original area (35.7 km 2 ) still subsisting in a "low alteration" state, and approximately 75% (26.9 km 2 ) classified as in "high alteration" state. The largest proportions of remnant "late successional-stage forest" (low alteration state) occur in the range of the "Montane Forest" and "forests > 800 m" (26.7% and 32.3%, respectively). The results also indicate that land cover in the lowmontane forest range is considerably altered, with more than 40% of its original area identified as in "high alteration" condition.
Similarly to what was observed for land-cover characteristics in relation to landscape slope, it seems evident that the vegetation is undergoing a recovery process in less accessible areas (decrease in proportional "high alteration" area from lowland forests to montane forests in Fig. 3b ). These areas correspond to montane forest and part of the forests > 800 m. The recovery process is characterized by a high proportion of secondary vegetation in intermediate successional stages in the range of the lower-montane (altitudes between 30-400 m) and montane (altitudes between 400-800 m), which is an indication that these areas were more degraded in the past.
The anthropogenic alteration pattern in the 90 m wide riparian strip (Fig. 3c) is very similar to the pattern observed for the whole basin (Fig. 3b) . This was also the case for a 60 m wide riparian buffer (results not shown). If both "high" and "intermediate" degrees of anthropogenic alteration are considered, approximately 76% of the total riparian area can be deduced to have been altered. Fig. 3 presents the joint percentage of "high alteration" and "intermediate alteration" land-cover classes, which is extremely important information because it indicates the proportion of the total basin area that has been more intensively (or recently) altered by human activity. Fig. 3b reveals that between 65% (forests > 800 m altitude) and 90% (lowland forest) is, or has at some time been, considerably altered in comparison to the pre-European colonization period.
DISCUSSION
Making maps and ecological zonations based on remotely sensed (e.g., Landsat images) and secondary data (the DSG/Ministério do Exército topographic maps) includes several analytic steps and subjective decisions, with unavoidable presence of some error and imprecision in the results. A few comments are necessary on potential vegetation mapping and land-cover class identification, particularly with regard to separation of forest formations in different successional stages. In the first case, altimetric values from the literature (Teixeira et al., 1986) were used as the spatial limits of each forest formation within the Maquiné river basin. This means that an unrealistically precise boundary was used to represent the transition between each forest formation. At the ground scale, this transition is not precise or abrupt, and may occur at slightly different altitudes. For this reason, the potential vegetation estimates must be viewed cautiously and only for comparative purposes.
Regarding land-cover classification, it was difficult to distinguish forest formations in different successional stages (e.g., mature or late successional stages from intermediate stages, or early successional stages from agriculture). This problem was probably due to the influence of heterogeneous topography on the land-cover spectral response, as well as to the high heterogeneity of the vegetation. The present land cover in the Serra Geral region is extremely variable and fragmented (Jarenkow, 1994; Sevegnani, 1995) and may be described as a mosaic of agriculture and primary and secondary vegetation in several sucessional stages. Even the primary or old secondary forests have remarkable spatial variation in size and physical structure. These differences are related to the altitudinal gradient, soil conditions, and terrain slope at the local scale (Mantovani, 1990; Mantovani et al., 1990) , as well as to different exposures to regionally dominant air masses (Klein, 1980) and to differences in the hill slope position in relation to the sun. This latter aspect was apparent in both the Landsat image and field observations. The position in relation to the sun is the main reason why the northward and southward slopes are "almost always ecologically different" (Forman, 1995) . In the Southern Hemisphere, northward slopes are more exposed to the sun and receive more energy per unit area than southward slopes, which also explains why agricultural activities are usually more intense on northward hill slopes.
An additional factor causing land cover heterogeneity in the Maquiné basin is the system of land ownership and agricultural land use, which is typically characterized by small land tracts and slash-and-burn agriculture. In this system, a land tract is exploited for some time, then abandoned for a few years and used again, and so on. Therefore, secondary vegetation patches originating in abandoned fields tend to have small total areas, particularly on steeper hill slopes (Gerhardt et al., 2000) , which implies wide variation in the age and successional stage of the vegetation stands. For this reason, a simple, generalized landcover classification was used in the present work. Formal ground truthing and assessment of classification precision are recommended if a more detailed result is desired (e.g., SOS Mata Atlântica et al., 1998) .
The results presented here, while evidencing a recovery process currently underway in the vegetation, indicate that the natural vegetation cover of the Maquiné river basin has been highly degraded in the past, as approximately 70% of its area was shown to be covered by vegetation classified as highly or intermediately altered relative to the potential natural vegetation. These results clearly relate to the history of colonization and agricultural exploitation in the region. Degradation of the natural vegetation cover of the Maquiné region was a fast process begun at the end of the nineteenth century when the first European settlers arrived. Deforestation in the region and in Rio Grande do Sul was more intense between 1940 and 1960 (Gerhardt et al., 2000; SOS Mata Atlântica et al., 1998) . During this period the relative area of forest ecosystems in Rio Grande do Sul State decreased from 35.08% to 9.57% (SOS Mata Atlân-tica et al., 1998) . After 1960-70, the decrease in productivity and the modernization of agricultural techniques led to a decline in the rural population and a corresponding movement towards urban centers (Gerhardt et al., 2000) . The results of the current study provide indirect evidence that the first lands to be abandoned were those in more remote and less arable or productive areas in the hill slopes of the Serra Geral, while the plain lowlands in the valleys are still intensively used agriculturally. This process may be inferred from Fig.  3 , which can be regarded as a snapshot representation of the land-cover pattern in 1995. As most of the basin's original vegetation was replaced by agriculture in the past, the different degrees of anthropogenic alteration of the present vegetation cover may also be interpreted as indicators of the time elapsed since the agricultural areas were abandoned. Thus, a lower degree of alteration means that the vegetation is either primary forest or late successional-stage secondary forest, which in turn indicates that a numerous decades have passed since land management for agriculture ceased. The reverse is valid for land-cover types representing "high alteration" (agriculture, non-natural grasslands, bare soil, and shrubs). Consequently, the progressive decrease in the proportion of highly altered land cover occurring in the direction of the steeper hill slopes (Fig.  3a) and from Lowland Forests to Montane Forest (Fig.  3b) is also a historical record of the land abandonment process.
The proportionately large area covered by secondary forest in intermediate successional stages indicates that the vegetation cover of the basin was in better condition in 1995 than it had been a few decades before, indicating a trend towards forest formation recovery. However, SOS Mata Atlânti-ca et al. (1998) indicated a 5.38% decrease in the area of forest formations in advanced successional stages for Rio Grande do Sul State and a 3.3% decrease within the limits of the larger region that includes the Maquiné basin (1:250,000 scale Gravataí map sheet of the DSG/Ministério do Exército). These results indicate that the regional trend seems to be different from that in the Maquiné basin and, consequently, the results obtained in the present work cannot be extrapolated to other areas. The results of SOS Mata Atlântica et al. (1998) also show that only 4.92% of the original forest formation area in Rio Grande do Sul existed in 1995 as forest patches in advanced successional stages. As shown in Fig. 2, 20 .2% of the land cover in the Maquiné river basin is represented by forest formation in advanced successional stages. Therefore, in spite of the high degree of land cover alteration in the past, this area may be considered important for Atlantic Forest conservation in Rio Grande do Sul.
The significance of the Maquiné basin for conservation is also related to its geographic location in the southern limit of dense ombrophilous forest, implying that the region constitutes the southern limit of several animal and plant species (see Bencke & Kindel, 1999) and has a high potential for endemic species occurrence. The importance of this region as an area of fish endemism has already been recognized (CIB et al., 2000; Reis & Cardoso, 2001 , and references therein) and CIB et al. (2000) judged it to be of "high biological importance" for birds and of "extreme biological importance" for plants.
The reclassification of land-cover classes according to the degree of anthropogenic alteration is particularly useful when the objective is to compare different sites, or to assess the present conservation state in relation to a better, but not directly measurable, past condition (e.g., Edgar et al., 2000) . In the present study, however, the conservation state of the Atlantic Forest was assessed only on the basis of relative areas occupied by different land cover types, and particularly considering the successional stage of secondary vegetation as inferred from satellite imagery data interpretation. It is assumed that secondary forest in late successional stages presents a better condition when compared to secondary forest in intermediate or early successional stages. The ecological integrity (see De Leo & Levin, 1997 , for a review of the concept) at a more detailed scale was not assessed, as other criteria would have to be taken into account (floristic composition, species richness, endemics, functional groups, phytosociological features, etc.). Ecological integrity (see De Leo & Levin, 1997 , for a review), a concept useful in establishing ecological conservation and restoration goals (Angermeier & Karr, 1994; Carrol & Meffe, 1997) , considers complete native biological diversity (genes, populations, species, communities, and ecosystems) and the patterns and processes that create and support diversity in a given region (Carrol & Meffe, 1997) . In the Maquiné basin, because large areas of natural vegetation have been replaced by agriculture in the past, some regionally characteristic elements, patterns, and processes may have disappeared or been largely altered. This is especially relevant for the Lowland Forests (almost completely eliminated from the Maquiné basin, Table 3 ) and Sub-montane Forests, which are presently severely degraded throughout their natural distribution range (Waechter, 1985; Teixeira et al., 1986; Bencke & Kindel, 1999) .
The magnitude of land cover alteration in the Maquiné river basin may also have had an important influence on the structure and function of its stream ecosystems. The effects of watershed deforestation on aquatic habitats and biota are well known (Hanchet, 1990; Allan et al., 1997; Johnson et al., 1997; Tucci & Clarke, 1997; Harding et al., 1998) , and riparian areas are particularly relevant elements (Rodrigues & Leitão Filho, 2000) . Such environments can be regarded as a mosaic of diverse habitat types and their associated biota (Gregory et al., 1991; Rodrigues & Leitão Filho, 2000) not only because they are lateral ecotones between aquatic and terrestrial systems, but also because their features vary longitudinally along the rivers and depend on regionally dominant phytogeographic formations. Such environmental heterogeneity complicates adoption of standard terminology and classifications (Rodrigues & Leitão Filho, 2000; Ward & Wiens, 2001) . Clearly, different approaches will lead to different sizes and scales for setting the spatial limits of a riparian environment. Large & Petts (1992) review several riparian buffer widths, recommended for different purposes, with values ranging between 2 m (to control nitrate fluxes) to 200 m (to function as corridors for vertebrate species). The 90 m wide riparian buffer used in the present study was set mainly because of the resolution of Landsat TM data (30 m pixels). Nevertheless, it is also reasonable that the riparian buffer should be defined in view of multiple conservation objectives. These include the provision of habitats for riparian species, increase of habitat diversity in the basin, maintenance of forest habitat connectivity across the basin, aquatic habitat protection, and improvement of the aesthetic value or viability of the agroforestry system (Large & Petts, 1992; Forman, 1995) .
In the Maquiné river basin, the pattern of land cover alteration in the riparian zone is similar to that of the whole basin (Fig. 3) . This means that riparian areas present a progressively worse condition as they approach the lower stream valleys, and that about 70% of the original riparian cover has been altered since the early nineteenth century (Fig. 3c) . Consequently, riparian areas (especially along the lower portions of stream valleys) should be particularly considered for restoration if they constitute important conservation strategy elements. Apart from protecting aquatic habitats, they may be particularly important in improving connectivity between terrestrial habitats. In the Maquiné basin, most patches of late successional-stage forest vegetation are not isolated fragments, but "older" patches in a matrix of secondary vegetation in earlier successional stages. This presents a good opportunity for management action to enhance terrestrial habitat connectivity.
Other interesting prospective aspects for research and conservation management emerging during this study were the need for (a) locating the most significant patches of primary or mature secondary vegetation; (b) determining regional parameters for assessing changes (increase or decrease) in Atlantic Forest ecological integrity; and (c) creating a strategy for connectivity enhancement at the ecoregional scale by taking advantage of the several regional conservation units (Reserva Biológica da Serra Geral, Centro de Pesquisas Pró-Mata, APA Rota do Sol, Floresta Nacional de São Francisco de Paula, Parque Estadual de Tainhas, and Reserva Biológica Estadual Mata Paludosa). These areas are especially important for research because they probably represent the least degraded Atlantic Forest areas in the region.
